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INTRODUCTION AND AIMS 
The Gyűrűfű Rhyolite Formation is the only magmatic association 
within the thick Permo-Carboniferous intramontane molasse sequence 
of the Tisza Mega-unit (Hungary). The formation crops out in the 
Western Mecsek Mts, Southern Transdanubia; however, it was 
penetrated by uranium ore (S Transdanubia) and hydrocarbon 
exploration (eastern Pannonian Basin, SE Hungary) boreholes during 
the second half of the 20th century. Based on these wells, the 
following principal subsurface areas of the Gyűrűfű Rhyolite were 
separated: (1) the Western Mecsek Mts, (2) the northern foreland of 
the Villány Mts and (3) the Máriakéménd–Báta Basement Range in S 
Transdanubia as well as (4) the Kelebia area and (5) the Battonya–
Pusztaföldvár Basement Ridge in the eastern Pannonian Basin. 
Recognition of the volcanic rocks was associated with the previous 
reports of the exploration works (e.g., Szederkényi 1962; Szepesházy 
1967; Fazekas 1978; Barabásné Stuhl 1988), according to which the 
formation was basically interpreted as rhyolitic lava (‘quartz-
porphyry’), while other lithologies (e.g., pyroclastite, subvolcanic 
rock) were supposed to be subordinate. 
The possible pyroclastic origin was already raised in the early 
stage of the research (Pantó in Boczán et al. 1966) and more than 40 
years later supported by petrographic studies (e.g., Varga 2009; Hidasi 
et al. 2015). Based on the identification of oriented, devitrified 
pumices (fiammes) in the drill cores and the gravel material in the 
Western Mecsek Mts, suggesting unequivocally pyroclastic 
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(ignimbrite) origin, the attention was drew to the significance of the 
reconsideration of archive reports. Besides the question of the 
dominant eruption style (effusive or explosive), limited geochemical 
information and no zircon U–Pb datings were available for the 
Gyűrűfű Rhyolite. The latter are important regarding the stratigraphic 
marker role of the formation (supposed to be a Lower Permian 
horizon) in the Late Palaeozoic sedimentary sequences.  
Thus, the major aims of the PhD research were (1) the 
petrographic (re)examination of almost all the available drill cores and 
outcrops (including archive samples and the associated reports), (2) 
the geochemical analyses (including major and trace elements) of the 
samples and (3) to obtain the crucial zircon U–Pb radiometric ages. 
The new results were integrated at larger-scale in order to explore the 
Permian magmatic system of the Gyűrűfű Rhyolite (source, 
geotectonic setting, eruption styles, volcanic eposides etc.). Moreover, 
the results were compared to those of the other Permian felsic volcanic 
rocks in the Central European Variscides (especially in the 
Carpathian–Pannonian region, e.g., Central Transdanubia, Central 
Western Carpathians, Apuseni Mts) to come up with the preliminary 
results of the local to regional correlation of the Tisza Mega-unit. 
 
APPLIED METHODS 
Almost all the available drill cores and outcrop rock samples of the 
Gyűrűfű Rhyolite Formation were targeted by petrographic 
observations and reinterpreted, using archive data (e.g., drilling 
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reports) of the previous uranium ore and hydrocarbon exploration 
works. Drill core (hand specimen and thin section) collections include 
those of (1) the Department of Mineralogy, Geochemistry and 
Petrology, University of Szeged, (2) the Department of Petrology and 
Geochemistry, Eötvös Loránd University and (3) the Mecsek Ore 
Mining Company (present-day Mecsekérc Ltd.). Petrographic 
observations were done at the Department of Mineralogy, 
Geochemistry and Petrology, University of Szeged using Brunel SP-
300-P and Olympus BX41 polarizing microscopes.  
A total of 18 samples were selected for whole-rock 
geochemistry representing all the outcrop and subsurface occurrences 
of the Gyűrűfű Rhyolite. These specimens were powdered and 
analyzed at the Bureau Veritas Mineral Laboratories (AcmeLabs, 
Vancouver, Canada) by ICP-ES (major elements) and ICP-MS (trace 
elements including rare earth elements). 
Moreover, zircon crystals were separated (standard heavy 
mineral seperation method including crushing, sieving, heavy liquid 
separation, magnetic separation and hand picking) from five samples 
of the Gyűrűfű Rhyolite representing its outcrop locality and three 
distinct subsurface areas. Cathodoluminescence mapping was done at 
the Department of Petrology and Geochemistry, Eötvös Loránd 
University using an AMRAY 1830 scanning electron microscope 
equipped with a GATAN MiniCL. In situ U–Pb radiometric age 
determinations were performed at the ETH, Zürich, Switzerland and 
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the Georg-August University, Göttingen, Germany by Réka Lukács 
and István Dunkl, respectively. 
 
NEW SCIENTIFIC RESULTS 
T1 Based on the detailed textural observation of the outcrop rock 
samples of the Permian Gyűrűfű Rhyolite Formation (Gyűrűfű area, 
Western Mecsek Mts), several characteristic features of pyroclastic 
rocks (e.g., devitrified fiammes, altered glass shards, poor sorting, 
broken phenocrysts, lithic clasts) were identified. The 
abovementioned features refer to pumiceous pyroclastic flow 
(ignimbrite) origin of the studied rocks. According to the deformation 
of the juvenile components, two distinct lithofacies have been 
separated among the observed samples: (1) eutaxitic, welded and (2) 
non-welded crystal-rich, pumice-bearing lapilli tuffs. The former 
might represent the moderate to greater depths of the proximal part of 
a valley-filling pyroclastic flow, while the latter could be derived from 
its upper, lowermost, sideward or distal part. My observations conflict 
the traditional lava interpretation of the Gyűrűfű Rhyolite (e.g., 
uranium ore exploration works) in the study area and support the 
explosive eruption origin of the drill cores from the Western Mecsek 
Mts. 
 
T2 All the available archive rock samples and thin sections of the 
Gyűrűfű Rhyolite Formation exposed by boreholes at the northern 
foreland of the Villány Mts (Bisse-1, Egerág-7, Peterd-1, Szalánta-3, 
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Szava-1, Vókány-2) were studied in the light of modern 
volcanological views. Based on my detailed petrographic 
observations, felsic pyroclastic rocks (Peterd-1 borehole and the upper 
volcanic sequences of the Bisse-1, the Egerág-7, the Szalánta-3 and 
the Vókány-2 boreholes) and lavas/subvolcanic rocks (Szava-1 
borehole and the lower volcanic sequences of the Bisse-1, the Egerág-
7, the Szalánta-3 and the Vókány-2 boreholes) have been revealed in 
the study area. My results contradict the previous hypotheses 
according to which a wide range of volcanic rock types (e.g., volcanic 
vent facies, ‘microgranite porphyry’, lavas with tuff intercalations) 
occur in the study area and the importance of pyroclastic rocks is 
subordinate. The Permian felsic volcanism at the northern foreland of 
the Villány Mts could be reconstructed by a more simple model, 
suggesting the formation of felsic lava domes and associated flow 
mechanism, afterwards covered by an extensive, probably several 
hundred metres thick ignimbrite sheet. 
 
T3 All the available rock samples of the Gyűrűfű Rhyolite Formation 
in SE Hungary (Battonya–Pusztaföldvár Basement Ridge), exposed 
by hydrocarbon exploration boreholes, were observed in details. The 
following rock varieties have been revealed: devitrified fiamme-
bearing welded and rheomorphic ignimbrites (crystal-poor lapilli 
tuffs, Battonya area), lava-like ash tuffs (Tótkomlós area) and 
volcaniclastites (Biharugra and Tótkomlós areas). Based on textural 
features, the phases of re-crystallization for each lithofacies were 
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given, as well. Based on my observations, the previous lava (‘quartz-
porphyry’) interpretation in the study area has been confuted, too. The 
studied samples give the most evolved, rhyolitic composition among 
the Gyűrűfű Rhyolite samples suggesting that they represent the most 
evolved known magma composition of the Permian regional 
volcanism in the Tisza Mega-unit. Supplemented by zircon U–Pb 
ages, it was revealed that the Variscan “Battonya granite” and the 
Permian felsic volcanic rocks of the Battonya area could not be in a 
plutonic–volcanic connection. 
 
T4 All the available archive and new whole-rock (major and trace 
elements) geochemical data of the Gyűrűfű Rhyolite Formation were 
interpreted (representing outcrop rock samples and drill cores of the 
Western Mecsek Mts, the northern foreland of the Villány Mts, the 
Máriakéménd–Báta Basement Range, the Kelebia area and the 
Battonya–Pusztaföldvár Basement Ridge). It was revealed that the 
observed rocks were dominantly affected by significant post-
magmatic alterations (e.g., K-metasomatism); thus, their major 
element composition is not suitable for rock classification and genetic 
interpretations. It has been pointed out that their lithological 
caterogization is not straitforward and should not be done based solely 
on the mineralogical and major element compositions. 
 
T5 Based on the trace element (rare earth and high field strength 
elements) data, all the available felsic volcanic rocks of the Gyűrűfű 
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Rhyolite Formation proved to be geochemically similar; thus, their 
petrogenetic processes could have been similar, too. Immobile 
element compositions showed that the rocks of Southern 
Transdanubia (Western Mecsek Mts, northern foreland of the Villány 
Mts, Máriakéménd–Báta Basement Range) and the Kelebia area are 
rhyodacites–dacites, while rhyolitic pyroclastic rocks were only 
exposed by the boreholes in the Battonya–Pusztaföldvár Basement 
Ridge. Trace element compositions refer to a post-collisional 
extensional environment which is fitting well to the geotectonic 
setting (continental rifting) of the analogous formations in the 
European Variscides. 
 
T6 Zircon crystals were separated and observed (e.g., binocular, back-
scattered and cathodoluminescence microscopy) representing samples 
of all the outcrop and subsurface occurrences of the Gyűrűfű Rhyolite 
Formation. The representative new zircon U–Pb ages, being derived 
from the crystal mounts prepared by myself, were interpreted in the 
aspect of the Late Palaeozoic evolution of the region. Based on the 
geochronological results, it was pointed out that the Gyűrűfű Rhyolite 
is the product of Mid-Permian (~ 269–260 Ma) magmatic events. The 
latter contradicts the previous hypotheses, according to which the 
Gyűrűfű Rhyolite was formed by a single volcanic episode and 
represent a Lower Permian marker horizon. In accordance with the 
abovementioned results, the lithostratigraphic position of the whole 
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Permian sequence of the Tisza Mega-unit (especially in Southern 
Transdanubia) should be reconsidered and modified. 
 
T7 Based on the complex results, besides the local correlation, the 
regional correlation of the Gyűrűfű Rhyolite Formation was 
performed, as well. It was proved that there is no genetic connection 
between the Gyűrűfű Rhyolite and the other well-known Permian 
felsic volcanic formation in Hungary, the so-called Kékkút Dacite 
(Central Transdanubia, ALCAPA Mega-unit). Based on my 
observations, the latter is the result of an older (~ 281 Ma), Lower 
Permian, geochemically distinct magmatic event. However, close 
relationship has been found between the Permian felsic volcanic rocks 
of the Apuseni Mts (Tisza Mega-unit) and the Gyűrűfű Rhyolite that 
might represent the same or similar magmatic system. Moreover, the 
theory has been raised that the abovementioned rocks could be in a 
volcanic–plutonic connection with the Permian (~ 268–264 Ma) 
granitoid rocks of the Highiş massif (SW Apuseni Mts). However, the 
verification of this connection needs further studies and evidence. 
Slighter correlations were found between the Gyűrűfű Rhyolite and 
the Permian felsic volcanic rocks in the Central Western Carpathians 
(Silicic and Southern Gemeric Units). 
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